Introduction {#Sec1}
============

Elevated cholesterol levels are a paramount risk factor for the development of atherothrombotic events and eventually cardiovascular death \[[@CR1], [@CR2]\]. Reaching low density lipoprotein cholesterol (LDL-C) target values can reduce the incident of such events: According to the data of the CTT meta-analysis, a 1 mmol/L (around 39 mg/dl) reduction in LDL-C levels resulted in a 22 % reduction of cardiovascular events and a 10 % reduction of total mortality \[[@CR3]\]. Furthermore, evidence from statin, niacin, and ezetimibe studies supports that achieved LDL-C levels \< 80 mg/dl can lead to a regression in atheroma volume \[[@CR4]--[@CR6]\]. Both international and Austrian guidelines recommend LDL-C levels between 70 and 100 mg/dl for patients at high or very high cardiovascular risk \[[@CR7]--[@CR9]\]. The most recent European guidelines recommend a target value of 70 mg/dl for virtually all patients with coronary heart disease or diabetes \[[@CR8], [@CR9]\]. Previous cross-sectional studies revealed a target attainment of around 50 % in high-risk patients not only in Austria, but all over the western world \[[@CR10]--[@CR15]\].

We acknowledge the interesting, recently published data on geographical differences within Austria for both obesity and cardiovascular mortality \[[@CR16], [@CR17]\]. These differences were associated with gradients in diabetes mellitus and hypertension and explained by psychosocial differences that apply to the highly populated, urban eastern Austrian region versus the rural, mountainous west. Furthermore and according to the authors of those studies, the level of education is lower in eastern Austria than in the rest of the country. In order to see whether such differences also exist concerning hyperlipidemia, baseline LDL-C and target value attainment, we aimed to asses geographical aspects within Austria, especially considering differences between the nine federal states.

Patients, material and methods {#Sec2}
==============================

The detailed study design of the Austrian cholesterol screening and treatment II (ACT II) study was published elsewhere \[[@CR18]\]. In brief, the present paper refers to a population-based, open-label, non-interventional, and observational longitudinal study. Study centers were office based internists and family care physicians who consecutively included patients at high or very high cardiovascular risk on statin therapy and not reaching LDL-C target levels. Subsequently, they received intensified cholesterol reducing therapy at the discretion of the treating physicians in order to reach individual LDL-C targets. After baseline examination two follow-up visits were performed after 3 and 12 months.

Study period was 12 months. The study was performed between 2009 and 2010.

In order to detect differences in LDL-C target achievement, the sample was split into nine distinct groups representing the federal states Burgenland, Carinthia, Lower Austria, Upper Austria, Salzburg, Styria, Tyrol, Vorarlberg, and Vienna. The patients included represent 0.01 % of each state's population, Table [1](#Tab1){ref-type="table"} \[[@CR19]\].Table 1Patient numbers in the study in comparison to the states' populationAustriaBurgenlandCarinthiaLower AustriaUpper AustriaSalzburgStyriaTyrolVorarlbergWienPublic census8,281,295280,082559,6981,587,6511,403,762525,8591,203,036696,049363,9521,661,206Inclusion in ACT II746163621388271646920113Percentage (%)0.010.010.010.010.010.010.010.010.010.01

The present substudy aims to detect differences in LDL-C target attainment after 12 months of intensified medical therapy in the nine Austrian federal states. Reference for LDL-C targets were the former guidelines on cardiovascular disease prevention, issued by the European Society for Cardiology in 2007 \[[@CR20]\] and the National Cholesterol Education Program Adult Treatment Panel III (NCEP ATP III) guidelines \[[@CR21]\], which were valid and effective during the study. At the time of examination, LDL-C target value \<70 mg/dl was in place only for patients suffering from concomitant coronary heart disease (CHD) and diabetes (DM) or metabolic syndrome, acute coronary syndrome (ACS) or progressive heart disease. Target value \<100 mg/dl was in place for patients diagnosed with CHD (only), Type 2 DM, Type 1 DM and nephropathy, extracoronary atherosclerosis, or an ESC SCORE \<5 %. As mentioned, the most recent guidelines set LDL-C  \<70 mg/dl as the target value for all of these patients, reflecting current evidence from large outcome trials.

Adult, statin treated patients who did not meet LDL-C target values were included in the study. This selection of patients was based on the Austrian reimbursement rules in order to reflect practice conditions in this non-interventional study. Austrian reimbursement rules are defined by the *Erstattungskodex* (*EKO*, local reimbursement compendium) \[[@CR22]\]. Exclusion criteria were contraindications to any of the drugs used in the course of the non-interventional study and an age \<18 years.

LDL-C was calculated using the Friedewald Formula in standardized Austrian medical labs. Statistical calculations were performed with SPSS 17.0. For comparisons between the states we used ANOVA, for regression analyses univariate models in a stepwise approach (ANCOVA), as further explained in the result section. Values were collected using paper based case report forms, the electronic transfer was performed by the Koordinierungszentrum für Klinische Studien, Medical University Innsbruck. No missing values were added post hoc or calculated by regression to the mean nor supplemented by other methods. Adverse events were documented precisely and coded according to MedDRA Version 13.1.

The study was approved by the institutional review boards and presented to the *Leit-Ethikkomission der Stadt Wien* (ethics commission). The 1964 Declaration of Helsinki was fully respected. Patients gave consent to the documentation of their anonymized data, treating doctors acted as responsible parties. Registration: www.clinicaltrails.gov registration number NCT 01381679.

Results {#Sec3}
=======

The study included patients from all nine Austrian federal states. While 1,682 patients were included in the study, a complete record of the three examinations (baseline, follow-up 1 and follow-up 2) and allocation of the center to a federal state is available for 746 Patients, treated in 389 centers (GP and internists offices). The results focus only on these 746 patients. Distribution over the nine Austrian states was as followed: Burgenland *n* = 16, Carinthia *n* = 36, Lower Austria *n* = 213, Upper Austria *n* = 88, Salzburg *n* = 27, Styria *n* =164, Tyrol *n* = 69, Vorarlberg *n* = 20, Vienna *n* = 113.

At baseline and for Austria, the distribution of the major lipid parameters was as follows: mean LDL-C was 145 ± 35 mg/dl (all values given are means standard deviation, SD), total cholesterol 236 ± 45 mg/dl, HDL-C 50 ± 15 mg/dl, and triglycerides were 198 ± 120 mg/dl. There were no significant differences within the states with the exception of HDL cholesterol where differences were highly significant at *p* = 0.0001, Table [2](#Tab2){ref-type="table"}. With regard to body weight and waist circumference, data ranged from 77 ± 12 kg (Vorarlberg) to 85 ± 14 kg (Carinthia), and 99 ± 12 cm (Vorarlberg) to 102 ± 14 cm (Lower Austria), respectively. Those differences were significant (*p* = 0.001, Table [3](#Tab3){ref-type="table"}).

###### 

Parameters at baseline in nine Austrian federal states

                                     Total cholesterol (mg/dl)   LDL Cholesterol (mg/dl)   HDL Cholesterol (mg/dl)   Triglycerides (mg/dl)                                                                                         
  ---------------------------------- --------------------------- ------------------------- ------------------------- ----------------------- ------------- ---------- ---------- --------- --------- -------------- -------------- --------------
  Burgenland (*n* = 16)              262 ± 60                    209 ± 53                  204 ± 77                  163 ± 43                117 ± 37      96 ± 24    67 ± 28    59 ± 25   65 ± 26   147 ± 78       145 ± 62       135 ± 58
  Carinthia (*n* = 36)               245 ± 51                    197 ± 54                  194 ± 42                  146 ± 37                102 ± 35      107 ± 26   45 ± 11    48 ± 12   50 ± 13   234 ± 141      193 ± 102      161 ± 56
  Lower Austria (*n* = 213)          233 ± 45                    188 ± 38                  181 ± 35                  146 ± 34                104 ± 31      95 ± 28    48 ± 12    50 ± 13   52 ± 13   205 ± 127      164 ± 93       149 ± 73
  Upper Austria (*n* = 88)           230 ± 46                    186 ± 49                  174 ± 36                  140 ± 33                97 ± 32       88 ± 26    52 ± 15    56 ± 15   56 ± 15   180 ± 87       168 ± 74       160 ± 80
  Salzburg (*n* = 27)                229 ± 44                    181 ± 42                  172 ± 27                  130 ± 25                89 ± 22       84 ± 20    54 ± 13    58 ± 17   57 ± 14   181 ± 78       152 ± 65       159 ± 88
  Styria (*n* = 164)                 240 ± 46                    188 ± 36                  179 ± 38                  148 ± 34                103 ± 33      97 ± 26    50 ± 14    54 ± 14   54 ± 15   191 ± 112      158 ± 69       153 ± 81
  Tyrol (*n* = 69)                   231 ± 36                    190 ± 29                  182 ± 24                  140 ± 38                106 ± 25      96 ± 21    50 ± 13    52 ± 12   56 ± 18   188 ± 98       159 ± 55       153 ± 66
  Vorarlberg (*n* = 20)              235 ± 40                    184 ± 30                  176 ± 32                  154 ± 37                100 ± 30      90 ± 24    50 ± 18    52 ± 11   57 ± 15   178 ± 61       159 ± 45       150 ± 38
  VIenna (*n* = 113)                 238 ± 41                    194 ± 41                  185 ± 36                  144 ± 34                107 ± 35      99 ± 27    48 ± 16    51 ± 15   51 ± 16   221 ± 157      173 ± 91       161 ± 74
  Austria (*n* = 746)                236 ± 45                    189 ± 40                  181 ± 37                  145 ± 35                103 ± 32      95 ± 26    50 ± 15    53 ± 14   54 ± 15   198 ± 120      164 ± 81       154 ± 74
  *Differences between the states*   n.s. (0.141)                n.s. (0.266)              *0.02*                    n.s. (0.440)            n.s. (0.07)   *0.005*    *0.0001*   *0.001*   *0.001*   n.s. (0.052)   n.s. (0.363)   n.s. (0.872)

*FU 1* follow-up visit 1, 3 months after baseline, *FU 2* follow-up visit 2, 12 months after baseline, *n.s.* statistically not significant; all values given as mean ± SD

###### 

Parameters at baseline in respect to the nine Austrian federal states

                                     Body weight (kg)   Waist circumference (cm)   SysBP (mmHg)   DiaBP (mmHg)   Age (years)
  ---------------------------------- ------------------ -------------------------- -------------- -------------- -------------
  Burgenland                         84 ± 18            101 ± 14                   138 ± 15       84 ± 9         64 ± 9
  Carinthia                          85 ± 14            101 ± 11                   135 ± 13       83 ± 7         60 ± 10
  Lower Austria                      84 ± 14            102 ± 14                   136 ± 15       80 ± 9         64 ± 10
  Upper Austria                      83 ± 14            96 ± 13                    136 ± 14       82 ± 8         64 ± 10
  Salzburg                           79 ± 16            99 ± 17                    135 ± 18       81 ± 10        66 ± 11
  Styria                             82 ± 14            99 ± 11                    135 ± 15       81 ± 9         64 ± 11
  Tyrol                              79 ± 14            101 ± 12                   133 ± 16       81 ± 9         66 ± 10
  Vorarlberg                         77 ± 12            99 ± 12                    136 ± 11       82 ± 9         64 ± 11
  Vienna                             82 ± 16            101 ± 13                   136 ± 15       81 ± 9         62 ± 11
  Austria                            82 ± 15            100 ± 13                   136 ± 15       81 ± 9         64 ± 10
  *Differences between the states*   *0.001*            *0.0001*                   n.s. (0.457)   n.s. (0.110)   *0.0001*

*SysBP* Sitting systolic blood pressure, *DiaBP* Sitting diastolic blood pressure; all values given as mean ± SD

Mean LDL-C dropped from the baseline value 145 ± 35 mg/dl to 95 ± 26 mg/dl after 12 months therapy. Values ranged from 130 ± 25 mg/dl (Salzburg) to 163 ± 43 mg/dl (Burgenland) at baseline (differences between states not significant; Table [2](#Tab2){ref-type="table"}). At follow up visit 1 LDL-C dropped to 89 ± 22 mg/dl (Salzburg) to 117 ± 37 mg/dl (Burgenland) and at follow-up visit 2 to 84 ± 20 mg/dl (Salzburg) to 107 ± 26 mg/dl (Carinthia). While no significant differences could be detected at baseline and at follow-up visit 1, differences in the second follow-up visit were highly significant at *p* = 0.005 (ANOVA). For further details please refer to Table [2](#Tab2){ref-type="table"}.

In all, 44.6 % of the patients could be classified as patients at highest cardiovascular risk and 55.4 % as patients at high cardiovascular risk (both groups would be considered to be at very high cardiovascular risk in the recent ESC/EAS guidelines on dyslipidemias) Target values were then defined as \<70 and \<100 mg/dl respectively. While these individual targets were achieved in 37.2 % of the population, we found differences in target attainment within the nine federal states: Data ranged from 26.1 % (Vienna) to 57.7 % (Salzburg). Values above the median of 39.0 % were achieved in Burgenland (53.3 %), Upper Austria (40.9 %), Salzburg (57.7 %), and Vorarlberg (40.0 %),. LDL-C levels \<100 mg/dl were reached by 60.8 % of all Austrian patients at follow-up visit 2. There is a high variance between the Austrian federal states, ranging from 38.2 % (Carinthia) to 76.9 % (Salzburg).

Most important, LDL-C levels \<70 mg/dl (the current standard targets for these groups of patients) were attained by 13.5 % of the Austrian sample with an analogous variance for the states ranging from 5.9 % (Carinthia) to 38.5 % (Salzburg). Details are displayed in Fig. [1](#Fig1){ref-type="fig"}.Fig. 1Attainment of low density lipoprotein cholesterol values \<70 mg/dl (current target value as set by the major European societies) after 12 months

An analysis of covariance (ANCOVA) was performed in a stepwise approach in order to test the influence of the possibly relevant, examined parameters weight, age, waist circumference, systolic and diastolic blood pressure, as well as body mass index (dependent variable of ANCOVA were the achieved LDL-cholesterol values in follow-up visits 1 and 2). For the baseline LDL-C values, we could retrieve an influence of weight (regression co-efficient beta −0.62, *p* = 0.001), waist circumference (regression co-efficient beta −0.62, *p* = 0.001) and age (regression co-efficient beta −0.62, *p* = 0.001) only. There was no significant influence by the federal states themselves but we observed a positive trend (towards high LDL-C levels) for Burgenland (*p* = 0.051) and a negative trend (towards low LDL-C levels) for Salzburg (*p* = 0.052).

According to these results we then performed a univariate analysis of covariance including the federal states, weight, age, and body circumference only. While results for baseline LDL-C levels did not change in a meaningful way, we could determine an influence of age only at follow-up visit 1 after 3 months (regression co-efficient beta −0.31, *p* = 0.01) but not after 12 months. At this stage, we detected a significant influence of the federal state of Salzburg (*p* = 0.006). After 12 months and considering follow-up visit 2, none of the remaining parameters weight, waist circumference, or age had a statistically significant or trend wise influence on LDL-C levels (*p* = 0.29, *p* = 0.58, and *p* = 0.09). Three federal states remained independently and statistically significant strongly associated with the achieved LDL-C values: Carinthia (regression co-efficient beta 11.43, *p* = 0.024), Upper Austria (regression co-efficient beta −9.88, *p* = 0.01), and Salzburg (regression co-efficient beta −16.25, *p* = 0.004).

To further validate the results we looked at the influence of baseline LDL-C levels on target attainment at follow-up visits 1 and 2. After 3 months the effect was highly relevant and significant (regression co-efficient beta 0.42, *p* \< 0.001) but decreased---still significant---to 0.22 (*p* \< 0.001) after 12 months. Even after inclusion of this strong parameter, baseline LDL-C, two federal states remained to have the described, very strong influence on LDL-C levels: Upper Austria (regression co-efficient beta − 9.40, *p* = 0.01) and Salzburg (regression co-efficient beta − 13.14, *p* = 0.015), while a positive trend was observed for Carinthia (regression co-efficient beta 8.65, *p* = 0.07).

Lipid therapy at baseline was, as previously reported \[[@CR18]\], Simvastatin 62 %, Atorvastatin 10 %, Fluvastatin 8 %, Lovastatin 1 %, Pravastatin 9 %, Rosuvastatin 6 %, and any other therapy at 4 %. During the study, primarily Ezetimibe/Simvastatin fixed dose combinations were used (10/20 mg as most widely use dosage: 45--81 %, least value in Vienna, highest one in Salzburg). Statins in monotherapy (between 0--13 % per state) were administered at intermediate doses. No significant differences in the treatment regimens between the Austrian federal states could be detected.

The documentation of adverse events includes three serious adverse events under fixed dose ezetimibe simvastatin combination therapy. They were not related to the lipid lowering therapy administered. A detailed assessment was published elsewhere \[[@CR18]\].

Discussion {#Sec4}
==========

We report significant differences in attaining the LDL-C target value \<70 mg/dl between Austrian states ranging from 5.9--38.5 %. We could further identify an east to west gradient in Austria with highest LDL-C baseline levels in the east and lowest in the west (Fig. [2](#Fig2){ref-type="fig"}, exception Vorarlberg). Such a gradient was recently similarly shown for obesity and cardiovascular mortality \[[@CR16], [@CR17]\]. Higher LDL-C levels at baseline were documented in Vorarlberg, a region (specifically the Rhine valley) similarly industrialized as the areas surrounding the capital city Vienna.Fig. 2Low density lipoprotein cholesterol levels at baseline of the study (mg/dl), illustrating the described east west gradient in Austria

Therapy in this non-interventional study was intensified lipid lowering treatment at the discretion of the physician. The INCROSS \[[@CR23]\] study looked at a population treated with statins and not at goal value and compared Rosuvastatin 10 mg to Ezetimibe/Simvastatin 10/20 mg, the therapy most often used (57 %) in this study. While Rosuvastatin 10 mg achieved a −17 % LDL-C reduction, this value was significantly improved by Ezetimibe/Simvastatin to −28 %. In a very similar approach, a −29 % reduction could be achieved after switching patients from Simvastatin 20 mg or Atorvastatin 10 mg to Ezetimibe/Simvastatin 10/20 mg in the EASEGO study \[[@CR24]\]. Several studies \[[@CR25]--[@CR27]\] reported a − 20 to − 27 % LDL-C decrease for Ezetimibe, while LDL-C was lowered by −49 % with Rosuvastatin 20 mg and by −42 % by Atorvastatin in the important trials JUPITER \[[@CR28]\] and PROVE-IT TIMI 22 \[[@CR29]\]. The Treating to New Targets trial \[[@CR30]\], comparing high dose Atorvastatin 80 mg vs. standard dose Atorvastatin 10 mg, retrieved a −21 % reduction for 80 vs 10 mg which is comparable to the results of the VOYAGER meta-analysis that showed a −5 to −6 % LDL-C reduction for each statin titration step \[[@CR31]\]. In comparison to these clinical data, our results show what was achieved in practice: mean was −31 % \[[@CR18]\], however looking at a federal state level this value was improved up to −42 % (Vorarlberg) and −41 % (Burgenland). At the end of the day, the achieved reductions always depend on three factors: the therapy administered, the willingness of the treating physicians to accept new target levels (\< 70 mg/dl for most patients in secondary prevention \[[@CR8], [@CR9]\]) and the patients compliance. As for pharmacological lipid therapy, the highest tolerated dose of statin therapy in combination with drugs such as ezetimibe is efficacious and should be used in order to reach LDL-C target levels as according to the guidelines \[[@CR8]\].

Looking at achieved absolute LDL-C reductions, data range from − 39 to −67 mg/dl or 1 to 1.5 mmol/l. Applying data from the CTT meta-analysis \[[@CR3]\] in practice this would equal to a 22--38 % reduction in cardiovascular events with Carinthia at the lower and Vorarlberg and Burgenland at the higher end (s. Table [2](#Tab2){ref-type="table"}). The CTT analysis was performed with statin trials only, but the recent publication of the SHARP trial \[[@CR32]\] indicated, these data should also apply to the statin ezetimibe combination therapy.

Fully applying the LDL-C target of \<70 mg/dl target and thus implementing the EAS/ESC 2011 guidelines \[[@CR8]\], roughly one-third of the population in Salzburg reached these targets while this value decreased for Carinthia to only 6 % (where only one-third of the population reaches the \<100 mg/dl threshold). Interestingly, greatest cardiovascular mortality was reported for Burgenland and Vienna with Tyrol, Carinthia and Vorarlberg as states of lowest cardiovascular mortality risk \[[@CR17]\]. Of notice, Vienna was the state with notably low target attainment in the present study.

The observed differences between the federal states are puzzling and hard to understand. Even though numbers of patients are not equal for each state, the same percentage of the broad population was included (0.01 %). We could describe differences in baseline LDL-C which can explain the results to some extent, but Salzburg and Upper Austria were independently associated with improved target value attainment. At this point we can only postulate about different doctor-patient relationship or compliance, but this raises more questions than we could answer from the data provided in this non-interventional study.

Limitations of the study were due to its observational rather than interventional, endpoint-driven nature and due to varying patient numbers in the respective Austrian states. In Burgenland, Carinthia, Salzburg, and Vorarlberg, less than 60 patients were included. These are comparable small numbers, but we included 0.01 % of the populations in all nine Austrian states (Table [1](#Tab1){ref-type="table"}). Yet, the observational nature should be taken as the strength of this study: it reflects real life and thus shows important and interesting differences within the regions of Austria, a small but highly heterogeneous country.

In conclusion, the Austrian analysis of the ACT II study revealed high differences between the nine Austrian federal states in LDL-C levels at baseline and more important, in the achieved target levels. The study furthermore indicates the capacity of intensified lipid lowering therapy versus previous standard therapy applied in practice (up to − 42 %, additional LDL-C reduction after switch from baseline therapy in Vorarlberg).
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